This is the second report produced by the Working Party set up under the auspices of the Standards Subgroup of the Laboratory Development Advisory Group of the Department of Health and Social Security. The Working Party includes representatives of the Association of Clinical Biochemists, the Association of Clinical Pathologists, and the Royal College of Pathologists. Its first report, devoted to the standardization of the assay of alkaline phosphatase, has recently been published (Moss, Baron, Walker, and Wilkinson, 1971) .
Aspartate and alanine transaminases have long been known in clinical biochemistry as glutamateoxaloacetate transaminase and glutamate-pyruvate transaminase respectively, but are officially recognized by the International Union of Biochemistry as L-aspartate: 2-oxoglutarate aminotransferase (EC 2.6.1.1.) and L-alanine: 2-oxoglutarate aminotransferase (EC 2.6.1.2.). Aspartate transaminase and alanine transaminase are approved trivial names and in this report these are abbreviated to AST and ALT respectively.
Several colorimetric, fluorimetric, and spectrophotometric techniques have been devised for their determination but for the purposes of standardization a spectrophotometric procedure is recommended as a reference method.
The measurement of aspartate and alanine transaminase activities, described in this report, are examples of reaction-rate techniques in which the progress of the enzyme reaction is followed throughout the period of observation. Absorbence readings are taken at intervals timed with a stopwatch or, preferably, with the aid of a recording spectropho- 
The oxaloacetate produced by the transaminase serves as substrate for malate dehydrogenase by which it is reduced to malate in the presence of dihydronicotinamide-adenine dinucleotide (NADH), which is simultaneously oxidized. NADH has an absorbence peak at 340 nm which is not shown by the oxidized form, and the decrease in absorbence at this wavelength provides a means for the measurement of the transaminase activity. The methods suggested are based upon those of Henry, Chiamori, Golub, and Berkman (1960) who re-investigated and improved the technique originally introduced by Karmen (1955) . The spectrophotometric procedure has an important advantage over colorimetric procedures in which the oxaloacetate produced in reaction 1 is allowed to react with a chromogenic reagent such as 2,4-dinitrophenyl-hydrazine (Reitman and Frankel, 1957) or a diazonium reagent (Babson, Shapiro, Williams, and Phillips, 1962) . Oxaloacetate is a potent inhibitor of AST (Boyd, 1961) and in the spectrophotometric procedure is removed as fast as it is formed, whereas in the colorimetric techniques it is allowed to accumulate.
The spectrophotometric procedure is standardized by reference to the molar absorbance of NADH (6-22 x 103) at 340 nm. The decrease in unit time 940
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(1 min) during the rectilinear (zero order) phase of the reaction provides a means for the calculation of the enzyme activity in intcrnational units (micromoles NADH oxidized per minute) per litre' under the reaction conditions defined.
Alternatively the NADH may be measured fluorimetrically (Laursen and Hansen, 1958) , and this procedure has been adapted to an end-point system for use in the AutoAnalyzer (Levine and Hill, 1965) but it is unsuitable for use as a reference method.
Similar principles are cmployed in the measurement of alanine transaminase (ALT) activity. In the spectrophotometric procedure (Henley and Pollard, 1955) , the pyruvate producA reaction (3) substrate for ALT and in our experience does not appear to inhibit the enzyme, DL-alanine may be used in place of L-alanine. The necessary two-fold increase in concentration, however, complicates the use of the DL-form, which is liable to crystallize from stock solutions during storage in a refrigerator.
The reference methods recommended in this report are those of Henry et al (1960) , slightly modified in that measurements are made at 25°C, and a final concentration of 025 moles/litre Lalanine is used for the ALT reaction.
Temperature ed in the transaminase Karmen (1955) 4 2-Oxoglutarate (01 moles/litre) 0-73 g 2-oxoglutaric acid is dissolved in 35 ml water. Five ml reagent 1 is added and the pH adjusted to 7-4 at 25°C by the addition of NaOH (1 mole/litre), after which the volume is made up to 50 ml with water. May be stored up to one month at 4°C. 5 L-Aspartate (0375 moles/litre) 5 0 g L-aspartic acid is dissolved with the aid of heat in a mixture of 50 ml water and 35 ml NaOH (1 mole/litre). After cooling to room temperature, 10 ml reagent 1 is added and the pH adjusted to 7-4 at 25°C with NaOH (1 mole/litre). The volume is then made up to 100 ml. May be stored up to one month at 40C. 6-67 g L-alanine is dissolved in 75 ml water and 10 ml reagent 1, and the pH is adjusted to 7-4 at 25°C with NaOH (1 mole/litre). The volume is then made up to 100 ml. May be stored for one month at 4°C. 7 Malate dehydrogenase S Uper ml A commercial preparation should be diluted with water to provide a day's supply. Each batch of malate dehydrogenase should be checked for the presence of AST activity by performing a blank reaction, ie, omitting serum, and also for apotransaminase by carrying out a blank reaction in which serum is replaced by 0-2 ml solution containing 0-2 ,ug phosphopyridoxal (Rosalki and Wilkinson, 1959) . The presence of the apotransaminase must be excluded since it would be activated by the phosphopyridoxal of serum to give a spuriously high transaminase activity. An ultra-violet spectrophotometer, preferably a recording instrument, is switched on and set for recording changes in absorbance at 340 nm. The cuvette compartment should be thermostatically controlled so that the cuvette temperature is 25°C ± 0-2°C. When the instrument is ready the incubated solutions should be transferred to cuvettes. In each case, the reaction is started by the addition of 0-2 ml 2-oxoglutarate solution followed by careful mixing. Recordings for the purpose of calculation should not be made until the reaction obeys zero-order kinetics, ie, the decrease in absorbance becomes steady. (There is often a lag phase of 2 to 5 min.) The rate of change in absorbance per minute is measured (a A/min), and the transaminase activity calculated in U per litre:
Transaminase activity = 6A22 / 103 X o02 X 3000 = a A/min x 2400 U/litre The spectrophotometric unit introduced by Karmen (I1955) is the enzyme activity in 3 ml reaction mixture producing a change in absorbence at 340 nm of 0-001 per minute per ml of serum. Thus Karmen units/ml can be converted into International units per litre by multiplying by 3/6 22 or 0-48.
It is important to check the absorbence scale of the spectrophotometer, since the value of the method depends upon accurate measurement. Methods for checking accuracy with spectrophotometric standards have recently been discussed by Rand (1969) .
Normal Ranges for Serum Transaminase Activities
The normal ranges were obtained at 25°C on healthy blood donors and laboratory personnel by the methods described: Aspartate transaminase males 5-15 U/litre females 5-12 Alanine transaminase males [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] females 5-12
Calibration of Automated and Manual Procedures The problems involved in the calibration of automated transaminase procedures are similar to those 2 encountered in the case of alkaline phosphatase discussed in the first report of the Working Party. The most commonly used automated systems include the AutoAnalyzer methods with 2,4-dinitrophenylhydrazine (Fingerhut, Ferzola, Marsh, and Levine, 1962) or a diazonium reagent (Schaffert, Kingsley, and Getchell, 1964) , but the fluorimetric AutoAnalyzer method (Levine and Hill, 1965 ) also requires calibration.
For this purpose it is suggested that the transaminase activities of a series of about five sera4 be determined by the reference methods described in this report. The activities should span the effective range of the automated technique, ie, from about 10-300 U/litre. The reference sera may be stored frozen in small containers for periods of up to eight months, or at 4°C for up to one week without significant loss of activity. Nevertheless we recommend that the activities of such sera be checked at least twice a week.
Non-automated manual versions of these colorimetric or fluorimetric techniques can be calibrated in a similar manner using sera whose transaminase activities have been measured by the reference method.
Comments and Recommendations I Spectrophotometric methods are considered to be the most suitable reference procedures for transaminase determination. The rate of oxidation of NADH, when measured by the change in the absorbance at 340 nm is a much more dependable standard than any of the alternatives which have been proposed, eg, pyruvate, 'standard' sera, etc. Since the indicator enzymes are in considerable excess the presence of possible dehydrogenase inhibitors in the NADH (Fawcett, Ciotti, and Kaplan, 1961; Dalziel, 1961) (Moss et al, 1971) . If liver extracts are employed they should be centrifuged to remove mitochondria since mitochondrial glutamate dehydrogenase might catalyse the reductive amination of 2-oxoglutarate by ammonium salts present in the malate dehydrogenase preparation.
group.bmj.com on July 6, 2017 -Published by http://jcp.bmj.com/ Downloaded from ducible, a day-to-day coefficient of variation of ±55% being obtained on sera with borderline and moderately elevated transaminase activities. 4 The methods of standardization described in this report are applicable to other enzyme procedures dependent upon the oxidation of NADH or NADPH, eg, lactate dehydrogenase, or the reduction of NAD+ or NADP+, eg, glucose 6-phosphate dehydi ogenase.
